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Abstract
The ecological-based methodologies are determinant to develop complete strate-
gies in restoring the ecosystems at a landscape scale. Those methodologies start with 
comprehending ecological processes by mapping fundamental structures of the 
territory (water, soil, biodiversity), also called green infrastructures. The adequate 
land use planning and its forthcoming implementation will guarantee a multifunc-
tional landscape, better ecosystem services provision, and a possibility of developing 
new economies. The intervention of Landscape Architecture at the landscape scale 
will also provide information about the place and the type of restoration actions to 
be implemented. The Centre Region was the most affected by rural fires from 2017, 
representing 15% of the total region area (416 thousand hectares). These events 
reflect the high importance of rethinking the territory with more suitable land uses, 
considering the concepts of sustainability, resilience, and ecological integrity. This 
work proposes a Landscape Transformation Plan for the Centre Region of Portugal, 
applying the FIRELAN model. The results show that about 35% of the Centre Region 
should have restoration action towards a more sustainable landscape.
Keywords: fire resilience, green infrastructure, ecosystem restoration, landscape 
transformation
1. Introduction
The first Portuguese Landscape Architect, Francisco Caldeira Cabral, reflected 
on how nature conservation should not be seen from a museology perspective, 
where Man is external to the object of protection. He defended that every person 
is an integral part of nature conservation by actively participating in protecting 
natural resources and constructing the landscape.
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(…) a campaign of general mentalization began for the need as a condition of 
urban and rural life, to maintain in congruent form the essential elements of the 
natural landscape, conserving or even reconstituting its continuity and function-
ality. Thus became aware of maintaining the " continuum natural " and the " 
continuum cultural [1].
Since our existence, humankind has established interactive and empirical relation-
ships with the Landscape [2], searching for defensive systems at higher elevations and 
safeguarding the fertile valleys as food producers essential for survival. But the inter-
action between Man and the ecosystems is bidirectional, where an action of Man on a 
particular ecosystem will imply a reaction and an adaptation of the ecosystem [3].
Landscape and land-use planning are intended to plan human interventions that 
maintain or promote the landscape’s dynamic stability. The stability of the land-
scape is associated with slow landscape evolutions (pedogenesis), while instability 
is characterized by rapid changes (morphogenesis) [4]. The balance between mor-
phogenetic and pedogenetic processes is a natural process of the landscape, which 
can be intensified towards instability by an incorrect action in the territory. The 
planning of human intervention in the territory in harmony with ecological systems 
has resulted in preserving natural resources and nature conservation.
The understanding of the functioning of natural systems, or ecosystems, as 
a support for decision making [5] emerged after the foundation of ecology as a 
science, in the mid-nineteenth century, by Ernest Haeckel. The evolution of knowl-
edge about the ecological processes in a given territory allowed the development of 
ecology-based landscape planning methodologies.
Following the Convention on Biological Diversity [6], one of the decisions taken 
at the fifth Conference of the Parties to the Convention on Biological Diversity [7] 
was that biodiversity conservation objectives could only be achieved through an 
ecological-based approach:
(…) a strategy for the integrated management of land, water, and living resources 
that promotes conservation and sustainable use in an equitable way. It is based on the 
application of appropriate scientific methodologies focused on levels of biological orga-
nization that encompasses the processes, functions and interactions among organisms 
and their environment. It recognizes that humans, with their cultural diversity, are an 
integral part of ecosystems. [7]
Ecological-based methodologies start from the knowledge and spatialization of 
natural processes that occur in a given territory [8]. With this approach, the most 
significant areas for ecosystem functioning are identified in the landscape, with 
various potentialities, and actions are planned without compromising the stability 
and balance of the landscape. This approach is related to the concept of ecologi-
cal suitability to the various human activities that do not compromise the proper 
functioning of ecological processes [9].
The concept of ecological suitability was used in the United States of America 
and the United Kingdom, using the manual overlay of transparent supports, whose 
methodologies were refined throughout the 1960s [10]. Other landscape architects 
followed, such as the work done by Philip Lewis, in 1964, to classify all the envi-
ronmental resources of the State of Wisconsin, with the purpose of delimiting the 
areas where building should not be done [11]. The concept of ecological suitability 
was also considered in McHarg’s [12] and Steiner [13] methodologies with the study 
of environmental processes and cultural integration in the choice of the best use, 
according to the intrinsic characteristics of the systems. In Portugal, contemporary 
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with McHarg’s methodology, the Algarve Plan was completed by landscape archi-
tects A. Barreto, A. Castelo-Branco and A. Dentinho, with methodologies based on 
ecological suitability of the Landscape [11].
The adequate planning of the landscape, according to the ecological processes 
that occur in it, impacts not only the ecological balance but also on the economic 
and social balance. This type of intervention has the ability, in a cost–benefit 
analysis, to be the best way to prevent future costs arising from natural disasters 
(flood prevention, fire risk reduction, mass movement), maintain water qual-
ity, ensure greater agricultural productivity, and contribute to the enhancement 
of urban areas [14]. Of this last point, the study done [15] in the case study of 
Cologne (Germany) concluded that increasing urban parks by 1%, about 500 
meters from housing, leads to the growth of housing sales prices by 0.1%. With a 
priori protection of natural resources, engineering solutions are less, and the cost 
is lower [14].
The economic valuation of ecosystems was developed with the emergence of 
the ecosystem services concept [16] and spread at the beginning of the 21st century 
with the publications of the Millennium Ecosystem Assessment. Different local sci-
entific and political communities started raising awareness of the importance and 
benefits of ecosystem services. Several initiatives and methodologies have emerged 
to quantify these services in monetary value. However, there are sometimes limita-
tions in quantifying an ecosystem service [17].
Ecological-based planning has the added advantage of helping to increase the 
number or quality of services provided by ecosystems. Inherent in the concept of 
ecological-based planning is the continuity and ecological network [18]. In fact, 
landscape connectivity is a component of landscape structure that facilitates or 
impedes the flows of natural cycles [19]. Those authors believe that it is more criti-
cal to establish connectivity than the proximity of areas studied in “island biogeog-
raphy” [20].
Like nature conservation, the ecological continuity of ecosystems is a broad con-
cept that involves the need to promote continuity between plant and animal species 
and that of all ecological cycles: water, nutrients, carbon, etc. For this, the planning 
of these continuities (ecological structures or networks) cannot be disconnected 
from the function and its “congruent form”, as defined by the landscape architect 
Francisco Caldeira Cabral [1]. The land-use planning approach advocated, plans the 
landscape from a biophysical and not only biological perspective [11, 21], where the 
continuous structures of the landscape are identified and planned according to their 
function and coherent form.
The importance of connecting nature protection areas, establishing a network 
or infrastructure has been reinforced [22]. According to this publication, this type 
of infrastructure, designated by green infrastructure, can mitigate fragmentation 
and promote the various benefits of maintaining and restoring ecosystems and their 
services, not only inside Natura 2000 areas.
However, as mentioned above, nature conservation should be understood as a 
comprehensive and integrative concept of Man and ecological processes, not limited 
to classified areas (RAMSAR Areas, Biogenetic Reserves, Natura 2000 Network, 
etc.). Nature conservation will emerge from the correct occupation and use of the 
Landscape by Man, both in terms of building, forest, woodland and/or agriculture. 
Therefore, the incorporation of ecological processes in the nature conservation 
strategy is necessary [23], not forgetting that: (1) ecosystems are spatially and tem-
porally dynamic; (2) ecosystem components interact with each other contributing 
to biodiversity; (3) ecological processes act as species-selective forces; (4) in highly 
modified sites ecosystem restoration is a conservation priority.
Landscape Architecture
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2.  Integration between green infrastructure, ecosystem services, and 
ecosystem restoration
The concept of structure in landscape architecture is necessarily related to 
spatialization. In this structure, relationships between ecosystems or elements 
are expressed [24]. The structure integrates the landscape system’s objective and 
subjective components, articulating significant features that relate to each other 
[11]. Infrastructure is a structure that serves as the base for something to be devel-
oped. Thus, when we refer to green infrastructure, we are talking about a planned 
network of structural spaces rather than a network of spaces disconnected from 
the biophysical structure of the territory. The concept of green infrastructure is 
broad and varied, but it is considered the one summarized by Naumann [25], whose 
definition is frequently used:
Green infrastructure is the network of natural and semi-natural areas, features and 
green spaces in rural and urban, terrestrial, freshwater, coastal and marine areas, 
which together enhance ecosystem health and resilience, contribute to biodiversity 
conservation and benefit human populations through the maintenance and enhance-
ment of ecosystem services. Green infrastructure can be strengthened through strategic 
and coordinated initiatives that focus on maintaining, restoring, improving and 
connecting existing areas and features as well as creating new areas and features. [25]
Green infrastructure planning involves an assessment of the types of natural and 
cultural resources available and a prioritization of the resources most important to 
present and future needs [14]. Therefore, a green infrastructure strategy includes 
the process of identifying, assessing, and prioritizing areas that are critical to pre-
serving a healthy community. In addition to prioritizing areas, there is also a need to 
implement actions to ensure their conservation [14]. Mapping natural resources are 
thus the first step in building a green infrastructure map to inform which areas need 
conservation actions and which need restoration actions.
The European Biodiversity Strategy for 2020 [26] highlighted the importance of 
using green infrastructures in landscape planning since it can ensure the “best func-
tional connectivity between ecosystems within and between Natura 2000 areas and 
in the wider countryside” ([27]: 6). The indication in a European document of the 
importance of ensuring functional connectivity between ecosystems, even outside 
protected areas, through landscape planning was a crucial step towards elevating 
nature conservation to a more comprehensive status than protecting particular 
species. Recently, the European Biodiversity Strategy for 2030 [28], as a core part 
of the European Green Deal, defines an action plan towards protecting nature and 
reversing the degradation of ecosystems.
Green infrastructure is also a tool to achieve economic and social benefits through 
natural solutions. This concept of natural solutions (or nature-based solutions) was 
further developed by the working groups of the European Commission [27] as a 
solution inspired, supported or copied from nature. The green infrastructure strategy 
itself states that “Green infrastructure can make a significant contribution to the 
effective implementation of all policies where some or all of the desired objectives 
can be achieved in whole or in part through nature-based solutions.” ([29]: 3).
The scientific community widely refers to ecosystem services as benefits that 
a population acquires, directly or indirectly, from ecosystem functions [16]. 
Ecosystem services result from flows of materials, energy, and information from 
natural capital stocks capable of producing human well-being [16]. Their monetary 
quantification [30], with specific units [31] or measured through indicators [32] as 
well as a qualitative assessment [33] has been addressed in the last decades.
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These services were categorized into several typologies by the Millennium 
Ecosystem Assessment [34]: supporting (services required to produce all other 
ecosystem services); provisioning (products obtained from ecosystems); regulating 
(benefits obtained through the regulation of ecosystem processes); and cultural 
(non-material benefits obtained from ecosystems). The landscape is intended to be 
one where ecosystem services are provided in balance with the physical structure 
that supports them, so the various actors dealing with land-use planning must 
understand the support structure of the landscape.
To contribute to a consistent definition of ecosystem services, Fisher [35] intro-
duces the importance of ecosystems’ structure and their processes and functions. 
In this approach, ecosystem services are characteristics of ecosystems used directly 
or indirectly by humans to produce well-being. Accordingly, ecosystem structure 
is itself a service because it provides a platform for ecosystem processes. Related to 
this idea, the same authors say that the configuration of ecosystem structure and 
processes is necessary for the healthy functioning of ecosystems and their services, 
relating them to the concept of (green) infrastructure. The spatial characteristics of 
ecosystems are also a way to classify their services, so it will be important in plan-
ning to know what services are available and how they flow through the landscape. 
In this way, it is important to understand the relationships between the production 
of the service and the place where the benefit occurs, recognizing the dynamic 
characteristics of ecosystems. In this regard, [35] propose a system for classifying 
ecosystem services into three categories: (1) in situ (services produced and benefits 
provided occur at the same location); (2) Omni-directional (where services are 
provided at a single location, but the benefit occurs in the landscape surrounding 
the service production with no defined direction); (3) directional - where service 
provision benefits from a specific location due to the direction of flow.
The Ecosystem services were also an integral part of the European Biodiversity 
Strategy for 2020 [26]. According to this strategy, ecosystems and their services 
would be maintained and enhanced by creating green infrastructure and restor-
ing at least 15% of degraded ecosystems. Ecosystem services were then identified 
through indicators associated with each ecosystem, assessed according to the 
Common International Classification of Ecosystem Services [36]. The European 
methodologies followed for mapping ecosystems [36] use the interpretation of 
different land use and land cover classes and relate them to the European Habitat 
Classification (EUNIS). As a result, the analysis of ecosystem services while assess-
ing land-use mapped ecosystems tends to present itself transformed into an “in situ” 
category, in the sense of [36], where the production of the service and the benefit 
are located in the same place. Another consequence of a methodology based on 
current land use mapping is to assess the use and service regardless of whether it is 
in an area of greater ecological suitability. Such is the example of forests that are all 
converted into ecosystems capable of producing the same services regardless of the 
type of forest species. This is an incorrect approach since it is well known that dif-
ferent forest trees or stands provide different ecosystem services. In Portugal, this is 
very relevant since most of the forest stands are not native (maritime pine, eucalyp-
tus) providing poorer ecosystem services when compared with native stands (oak).
It is essential to consider that the landscape has different capabilities to provide 
specific ecosystem services [33], being of a more profound complexity than just 
an assessment by current land use. The structure of the ecosystem assumes a vital 
role in supporting the very functioning of the ecosystem. Interestingly, authors 
such as Burkhard [33] consider that the typology of supporting ecosystem services 
(defined in the Millennium Ecosystem Assessment), is understood as those that 
ensure ecological integrity. However, supporting services are considered difficult to 
map [37], and it is considered that the link between supporting services and human 
Landscape Architecture
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well-being occurs indirectly [34]. Therefore, supporting services have received 
much less attention among four types of ecosystem services. Despite European 
recommendations to map ecosystems and their services, recent publications have 
failed to include supporting services [38].
In this sense, it is considered that by mapping green infrastructure, the supportive 
services are provided in conjunction with other ecosystem services. Incorporating 
structural components of ecosystems also allows for a complete approach to mapping 
ecosystems and their services by encompassing the various relationships between the 
area of production of the service and the site of benefit from that service.
Including ecosystem services in landscape planning will need to go through 
defining the goal of achieving multiple ecosystem services [39]. However, the 
function of an ecosystem must be ensured in planning regardless of the benefit it 
may provide [40]. Maximizing one ecosystem service may jeopardize the balance 
of all other ecosystem services, as exemplified by Dosskey [39] in the US Green 
Belt region, where agricultural productivity was put as a priority at the expense of 
water quality and wildlife. It should be desirable for public policy to seek a degree 
of multifunctionality across cultural landscapes and to achieve the greatest degree 
of multifunctionality in green infrastructure [40]. The same author considers that 
monofunctional landscapes will require greater inputs to continue to provide values 
and functions and are likely to become unsustainable and require restoration.
Ecosystems are naturally multifunctional, making available services determined 
by landscape structure [39]. Modifying landscape structure can rebalance the 
services available. Thus, the landscape planning process will need to include an 
understanding of the current functioning of the landscape and an assessment of 
whether changing the landscape structure can affect the ecological functions and 
services provided [39]. Ecologically based planning aims to define the best use 
which implicitly includes the best use of natural resources without compromising 
their existence and their stability in the system [41]. This applies both to landscapes 
dominated by native vegetation, forming a dense woodland, and to agricultural or 
production forest areas properly integrated into the landscape and its structure with 
good management practices and appropriate design.
Ecosystem restoration is often focused on the recovery of a particular plant or 
animal community, often appearing related to landscape fragmentation [42]. The 
restoration of an ecosystem, which is itself a complex system, will involve the recov-
ery of the ecological functions of the system. The functions that are easily altered 
by the degradation of an ecosystem are soil structure, nutrient flow, and water 
cycling [43]. The restoration of an ecosystem will mainly involve the recovery of the 
lost functions, because this loss has also contributed to its own degradation:
When a reintegrated landscape is achieved, it will be a landscape that is a mosaic 
of agricultural, natural, and semi natural systems, which together maximize 
biodiversity and economic returns by maintaining the landscape amenity function 
(minimizing the loss of landscape qualities through soil salinization of water and 
wind erosion) and so make possible a sustainable agriculture and a functional 
diverse natural system. [43]
The ecosystem restoration will involve the recovery of its ecological integrity. 
The integrity of an ecosystem includes the integrity of the system’s structure and 
function, the maintenance of its components and its dynamic interactions [44]. 
From this perspective, any loss of system components leads to a loss of system 
integrity. According to Forman [45] and Thorn [46] a system with ecological 
integrity exhibits natural conditions of productivity, biodiversity, soil and water 
conservation, which are the goal of any sustainable environment [47]. The integrity 
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of an ecosystem includes an adequacy of uses to the ecological characteristics of the 
system, meeting the dynamic stability of the landscape, making it resilient.
Ecosystem restoration is defined by the Society for Ecological Restoration as the 
process of supporting the recovery of an ecosystem that has been degraded, dam-
aged, or destroyed [48]. These last three states can be equated to various states of 
morphogenesis, where an imbalance of landscape stability occurs. A morphogenesis 
ecosystem can be at different levels of imbalance from degradation to complete 
destruction. When ecosystems are being overexploited or degraded the health of 
the ecosystem goes into decline as well as its integrity and resilience [49]. This state 
of decline can be reversed with recovery actions, which in turn lead to ecosystem 
rebalance in Tricart’s [3] interpretation of dynamic equilibrium. An ecosystem in 
equilibrium provides a greater number or a higher quality of services.
A Landscape-scale ecosystem restoration involves restoring a set of ecosystems 
to recover natural and cultural values and ecosystem service flows [49]. Hobbs 
[50] argues that the recovery of ecosystems should not focus on replicating the 
conditions prior to disturbance, but should be managed in a future perspective, not 
forgetting that the landscape is temporally and spatially dynamic. Besides, there are 
two types of recovery [51]: one in which the goal is the recovery of biotic continuity, 
and another, corresponding to more severe situations of degradation, will involve 
the physical recovery of the ecosystem. An example of the latter is the case of the 
obstruction of a river, where the goal will be to recreate the continuity of water flow. 
According to those authors, there are thus two thresholds that, if crossed, imply dif-
ferent interventions, the biotic threshold, and the abiotic threshold. The least severe 
situation of degradation of an ecosystem will thus imply changes in land use.
The ecosystem restoration can integrate cultural values, for example, an agri-
cultural area located on productive soils and with good management practices 
(including compartmentalization hedges, contour farming) contributes to increased 
productivity, biodiversity, and soil and water conservation. Designing green infra-
structure with planned land uses, consistent with its different ecological characteris-
tics, guarantee the ecosystem’s integrity and allow it to assess restoration needs.
3. The need for a restoration solution: centre region of Portugal
The absence of an ecological-based landscape and land-use plan can have severe 
consequences in the increase of soil degradation and floods, decrease of biodiver-
sity, and increased fire risk. This landscape degradation is present in several areas 
of Portugal. Also, a consequence of the set of policies followed since the beginning 
of the 20th century. In the 1930s, Portugal went through a wheat campaign that 
destroyed the fertility of the soil. Later, the monoculture campaigns of maritime 
pine and eucalyptus continue the degradation of the soil and the destruction of the 
landscape, which we still see happening, especially in the north of the Tagus river, 
in the Centre and North regions.
The Centre Region (Figure 1) corresponds to a Statistical Territorial Unit (NUT) 
and comprises about 2,819,936 hectares. This region includes different landscape 
typologies, such as the southwest western zone with fruit productivity, the coastal 
zone with low and high coastlines, and an inland zone dominated by maritime 
pine and eucalyptus in formations of schist and granite. This area is characterized 
by a rugged relief in the most central location, such as Serra da Estrela, where 
Rio Mondego begins, the Serra da Lousã and the Serra do Açor. The Natura 2000 
network includes 21 Special Areas of Conservation.
In an evaluation of land use from the 1990s to the present, it was possible to 
understand the evolution of the different land uses (Figure 2 and Table 1). This 
Landscape Architecture
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analysis was done with the interpretation and reclassification of the Land-Use and 
Land Cover maps produced by DGT (1995, 2007, 2010, 2018) [52]. In this period of 
24 years, there is an oscillation of maritime pine, which tends to stabilize at 22%. 
The percentage of eucalyptus in the central zone has increased since 1995, from 
Main Land 




Variation % in 
2007
Variation % in 
2010
Variation % in 
2018
Maritime pine 26,7% ↘ 20,0% ↗ 22,5% ↘↔ 22,3%
Eucalyptus 9,7% ↗ 10,9% ↗ 13,5% ↗ 17,2%
Schrubland 11,7% ↗ 16,4% ↘ 12,3% ↗ 13,3%
Agriculture 31,3% ↘ 25,5% ↘ 26,2% ↘ 23,3%
Native 7,6% ↘ 5,8% ↘ 6,4% ↗ 9,3%
Table 1. 
Evolution of the main land uses in the Centre region, between 1995 and 2018.
Figure 1. 
Location of the Centre region in Portugal.
Figure 2. 
Evolution of the main land use classes in the Centre region, between 1995 and 2018 (data base: DGT, land use 
and land cover map).
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9.7% of the total area, to 17% in 2018, i.e., it has practically doubled. On the other 
hand, the area occupied by agriculture has decreased since 1995. Native species 
include cork oak, holm oak, other oaks and also chestnut stands (archaeophyte), 
and oscillate between the years analyzed, with occupations between 6 and 9%.
There is in fact a very serious problem of inappropriate land uses that lead to the 
destruction of landscapes with negative consequences for those who live there, but also 
for those who live further away, for example, the impacts derived from water qual-
ity. Since the end of the 19th century, the oaks and chestnut trees and the traditional 
pastures, were replaced, first by maritime pine, which were planted on the community 
lands (“Baldios”), and then by eucalyptus. Land property fragmentation and, conse-
quently, the landowners’ increase also aggravated the land management problem.
A balanced landscape constituted by agriculture on the best soils, mixed wood-
land complementing agriculture and all its by-products, pastoralism in articulation 
with woodland and agriculture, villages, towns, and cities strategically located in 
situations of greater comfort and proximity to the food and materials produced was 
replaced by a landscape ecologically degraded, humanely depopulated and which 
burns extensively and repeatedly.
Figure 3. 
Fire frequency between 1990 and 2017.
Fire frequency (number of times between 1990 and 2017) Area (ha) %
1 time burnt area between 1990 and 2017 698 775 24.8
2 times burnt area between 1990 and 2017 321 099 11.4
3 times burnt area between 1990 and 2017 93 965 3.3
4 times burnt area between 1990 and 2017 16 105 0.6
5 times burnt area between 1990 and 2017 2 882 0.1
6 times burnt area between 1990 and 2017 327 0.012
7 times burnt area between 1990 and 2017 224 0.008
No burned area between 1990 and 2017 1 686 559 59.8
Table 2. 




Ecological and cultural system and land use potential from FIRELAN model.
The policies disconnected from the ecological capacity of the land, led to the 
current situation of mega-fires, with loss of life and property and land abandon-
ment. Analyzing the centre region in terms of burnet areas, 40% of the region 
was burned between 1995 and 2017. About 25% of the Centre Region burned 
once (Table 2), but 11% burned twice (Figure 3). In the megafires from 2017, the 
Centre Region was the most affected, representing 15% of total region area (416 
thousand hectares). It is very urgent to develop adequate land-use plans for the 
rural areas.
The creation of a healthier landscape implies the conservation of natural 
resources, the creation of a balanced, multifunctional system with landscape recov-
ery using native species. This will lead to creation of different economies, where 
ecosystem services payment can also take place.
4. The solution for healthier landscape – centre region of Portugal
The solutions developed to attain a healthier landscape involve the creation 
of a multifunctional landscape, with native or archaeophytes species, agricul-
ture, and pastureland. The planned landscape will allow to create businesses, 
generate employment (landscape recovery companies, native species nurseries, 
forest management companies, reactivation of native wood business), and 
unique products (non-wood products, such as flour from oak acorns, chestnut, 
walnut, honey and mushroom production) capable of attracting nature tourism 
as well.
This landscape will then provide better ecosystem services, such as water qual-
ity, soil conservation, and biodiversity improvement, among others. Together, it 
will develop a fire resilient landscape, which is the landscape’s capacity to absorb the 
disturbance caused by rural fires without losing its function, structure, and identity 
and ultimately weakening fire frequency and intensity or magnitude [53].
The vision for a healthier landscape of the Centre Region was developed by the 
application of FIRELAN [53], which is an ecologically based model that integrates 
different principles related to landscape fire resilience and ecological sustainabil-
ity into a land-use plan, using the river basin as a landscape unit. The FIRELAN 
pretends to provide a multifunctional landscape (Figure 4) with benefits to the 
environment, but also developing economies and rural communities.
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The different components of the FIRELAN network for the Centre Region are 
mapped in Figure 5. The FIRELAN network is the main landscape structure with 
physical, biological, and cultural elements (Table 3). For each component there is 
a set of adequate land uses that should be promoted. Those land uses are identified 
in Figure 6 and in Table 4. In the interstices of the FIRELAN network, also called 
Complementary Areas, the land use possibilities are wider.
Figure 5. 
FIRELAN network components in the Centre region of Portugal.
Landscape Architecture
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The potential land uses plan (Figure 6, Table 4) highlights that:
• Native and archaeophytes species (including agroforestry systems), which 
represent 11% of the study area, can expand into further 31%.
• The agriculture can be increased in about 12% of the case study area, in addi-
tion to existing agriculture (23%).
• Existent vegetation with conservation interest is present in 14% of the 
Centre region.
• Complementary areas (areas with moderate to low ecological value) represent 
16% of the study area.
Comparing potential land use and current land use map allows defining 
a Landscape Transformation Plan with conservation and restoration actions. 
According to the developed plan (Figure 7, Table 5): 35% of the Centre region 
should have restoration actions, and 57% should be maintained and conserved. 
Also, according to the results:
• The eucalyptus can be kept in 5% of the case study area, only in complemen-
tary areas, and with environmental measures.
• The maritime pine can be kept in 6% of the case study area, only in comple-
mentary areas, and with environmental measures.
• About 0,8% of the case study area should have recovery of the riparian vegetation.
Firelan network component Data Source
Physical System Areas Soils with high and very high ecological 
value
[54–56]
Steep slopes (>25%) [56, 57]
Coastal area [56, 58]
Wetlands [53]
Water bodies [53]
Linear Ridge line [56, 57]
Hilltops [56, 57]
Headwater systems [56, 59]
Streams and Valley bottoms [56, 57]
Biological System Areas Existent vegetation with conservation 
interest
[52, 56, 60]
Cultural System Areas Settlements [52]
Existent agriculture [52]
Linear Settlement protection buffer —
Roads OpenStreetMap©
Roads protection buffer —
Power infrastructures buffer [61]
Table 3. 
Components of FIRELAN and sources for the Centre region of Portugal.
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5. Conclusions
The United Nations General Assembly proclaimed the Ecosystem Restoration 
decade between 2021 to 2030, aiming to halt the degradation of ecosystems and 
restore them to achieve healthier landscapes. Landscape Architecture is an inter-
disciplinary discipline helpful in attaining those goals through planning and design 
Figure 6. 
Potential land uses in the Centre region of Portugal.
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restoration in different contexts and scales, from rural to urban, from inland to 
coastal. The ecological-based planning methodologies contribute to better landscapes 
by starting from the knowledge and spatialization of natural processes. As part of an 
ecological-based planning methodology, working with green infrastructure allows 
the ecological integrity of the landscape, increasing the number or quality of services 
provided by the ecosystems and defining restoration actions and locations.
The Centre Region of Portugal has a severe problem of inappropriate land use. 
Since the end of the 19th century, the oaks and chestnut trees were replaced by 
Firelan network 
components
Potential land uses Area 
(ha)
%
High ecological value soils Agriculture 131627 4.67
High ecological value soils in 
headwater systems
Agriculture (edges of mixed woods - native/




Agriculture (small fruit forest), meadow or small 
native shrubs
5545 0.20
High ecological value soils in 
steep slopes
Agriculture or permanent meadow arranged in 
terraces
14408 0.51
Valley bottoms Agriculture or riparian species 24395 0.87
Coastal areas (cliffs, dunes 
and sand beach)
Coastal native species 35653 1.26
Coastal areas (inter-dune 
depression)
Inter-dune depression native species 14178 0.50
Coastal areas (coastal sand 
plains)
Coastal native species or agriculture 5147 0.18
Settlements protection buffer Meadow, Agriculture, Native species/
archaeophytes broadleaved trees
105883 3.76
Roads protection buffer Meadow, Native/archaeophytes broadleaved trees 27454 0.97
Headwater systems Mixed woods (native/archaeophytes and 
cupressus trees)
314469 11.15
Hilltops Mixed woods (native/archaeophytes and 
cupressus trees) or permanent meadow
42221 1.50
Ridgelines Native/archaeophytes broadleaved trees or 
permanent meadow
86392 3.06
Steep slopes Native/archaeophytes broadleaved trees or shrubs 248223 8.80
Existent agriculture Existent agriculture 646346 22.92
Existent vegetation with 
conservation interest
Existent vegetation with conservation interest 381180 13.52
Streams and riparian area Streams and riparian area 22309 0.79
Water bodies Water bodies 26709 0.95
Rocks Rocks 3310 0.12
Road infrastructure Road infrastructure 50764 1.80
Settlements Settlements 132965 4.72
Areas with moderate to low 
ecological value
Areas with moderate to low ecological value 447731 15.88
Table 4. 
Potential land uses for the Centre region of Portugal, area and percentage.
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maritime pine and eucalyptus. The number of fires and their severity increased, the 
land is continually degrading, and biodiversity loss increases. Applying an ecologi-
cally based landscape plan to prioritize restoration actions at the landscape scale is 
necessary to reverse this situation. The FIRELAN model was applied to the Centre 
Region to establish a vision for a healthier landscape. According to the results, 35% 
of the Centre Region should have restoration actions.
Figure 7. 
Landscape transformation plan for the Centre region of Portugal.
Landscape Architecture
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Restoration Areas to be converted into agriculture 157670 5.59 980608 34.78
Areas to be converted into Agriculture 
(small fruit forest), meadow or 
small native shrubs under power 
infrastructures
4332 0.15
Areas to be converted into agriculture 
or permanent meadow arranged in 
terraces
13938 0.49
Areas to be converted into agriculture 
or riparian species
18149 0.64
Areas to be converted into coastal 
native species
7840 0.28
Areas to be converted into coastal 
native species or agriculture
2786 0.10
Areas to be converted into inter-dune 
depression native species
14125 0.50
Areas to be converted into meadow, 
agriculture, native species/
archaeophytes broadleaved trees 
(settlements)
96844 3.43
Areas to be converted into meadow, 
native species/archaeophytes 
broadleaved trees (roads buffer)
24944 0.88
Areas to be converted into mixed 
woods
314469 11.15
Areas to be converted into mixed 
woods or permanent meadow
35461 1.26
Areas to be converted into native/
archaeophytes broadleaved trees or 
permanent meadow
80508 2.86
Areas to be converted into native/
archaeophytes broadleaved trees or 
shrubs
185648 6.58
Areas to be converted into riparian 
vegetation
22309 0.79
Areas with invasive species that most 
be converted into other land uses
1584 0.06
Conservation Areas to be maintained and conserved 1212952 43.02 1625284 57.64
Areas with eucalyptus that can be kept 
with environmental measures
142909 5.07
Areas with maritime pine that can be 
kept with environmental measures
161113 5.71
Areas with other coniferous that can 
be kept with environmental measures
3283 0.12
Areas with stone pine that can be kept 
with environmental measures
2951 0.10
Maintain or convert depending on the 
present shrub vegetation
102077 3.62
— Road infrastructure 50764 1.80 — —
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Subsequently, the eucalyptus area must drop from 17% of the Centre Region 
area to 5%, and the maritime pine from 22–6%. The results also show that agricul-
ture could increase from 23–35% of the Centre Region. In the restoration actions, 
the native species should be used in more than 24% of the case study, especially 
in the headwaters systems and streams where mixed woods and riparian galleries 
should be developed.
The landscape transformation plan contributes to the definition of adequate 
policies to tackle ecosystem restoration through landscape and land use planning.
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— Rocks 3310 0.12 — —
— Settlements 132965 4.72 — —
— Water bodies 26709 0.95 — —
Table 5. 
Transformation action, area and percentage of Centre region case study.
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